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[57] ABSTRACT 

A liquid crystal cell comprises a liquid crystal sealed 
between a pair of confronting transparent substrates. A 
multiplicity of semiconductor driver elements are sub- 
stantially uniformly distributed over an inner surface of 
one of the substrates. The semiconductor driver ele- 
ments have output electrodes connected respectively to 
matrix element electrodes formed on the inner surface 
of said one of the substrates. A driver circuit is formed 
as a semiconductor iptegrated circuit on an extension of 
the inner surface of said one of the substrates for selec- 
tively driving the semiconductor driver elements. 

12 Qaims, 26 Drawing Figures 
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. , cated in a reduced number of steps and with an in- 

DOT.MATRIX UQUID CRYSTAL DISPLAY creased yield, and can a wide display area. 

BACKOROTJNn nFTHP TWPNmnw ^^^^^ ^^^^^ °^ *® P^^"^ invention is to 

BACKGROUND OF THE INVENTION provide a dot-matrix Uquid crystal display which has a 

the: present invention relates to a dot-matrix liquid ^ small number of terminals for external connection, can 

crystal display system, having a liquid crystal cell con- be fabricated in a reduced number of steps, and can a 

taining a multiplicity of matrix elements selectively large area of display. 

drivable for displaying a variety of patterns such as According to the present invention, a multiplicity of 

characters, graphical images or the like. thin-film transistors are closely distributed on a surface 

There have heretofore been proposed dot-matrix '0 of a substrate in a liquid crystal cell, the transistors 

hquid crystal displays mcluding thin-film transistors constituting part of dot-matrix display elements and 

assembled as dnyers mto a small-size liquid crystal cell having output electrodes or drain electrodes connected 

for selectively dnving njatnx dements. To energize to matrix elements. In a color liquid crystal display 

^,?nf rT'^n' "^"^^n u — 15 fiJ^^ ^« formed on the matrix d^«^ts oTS 

out of the liquid crystal cell It is quite tedious and 15 ^^^^ confronting rdation to the ma^x 

tune-consummg to connect such terminals to a driver «i«„o„*. -ru i iciauun to me mainx 
circuit. More specifically, a dot-matrix color Uqufd 11 nl^?' .""^ filters have at l«ist two colors, 

crystal display has matrix elements each composed of ^ f ^^^^^^jacent ones of the coto^ 

three dots of red. blue and green which are to be selec- ^ '^r^ T "^. ^ '*"^^'* ^^^^^ selectivdy 

tivdy driven. The number of terminals connected to 20 ^"^^"f thm-film transistors has at least its portion 
such a color liquid crystal display is much greater than ^ ^ semiconductor integrated circuit on the 

that of a single-color or black-and-white Uquid color substrate on which the thin-film transistors are 
display. In case the number of matrix elements is "counted. The dot-matrix liquid crystal display is con- 
lOOX 100= 10,000, for example, the number of terminals "^P^^ external terminals through terminals of the 
extending from a single-color liquid crystal cell is 25 driver circuit, with the result that the number of tenni- 
100-h 100=200, while the number of termmals from a of external connection can be reduced for facilitat- 

color liquid crystal cell is 100-h 3 X 100=400 as the such external connection. The color filters should 

number of dots required is 100 X lOOx 3=30.000. The preferably be formed of color ink that can be formed by 
procedure for connecting such terminals to the driver ^ printing process. Further according to the present 
circuit is quite complex, 30 invention, the thin-film transistors in the liquid crystal 

TTiin-fihn transistors are assembled in conventional cell has drain and source electrodes formed on the inner 
liquid crystal cells as follows: Gate and matrix element surface of the substrate. A semiconductor layer is 
electrodes are directly formed on an inner surface of a formed between the drain and source electrodes, and 
substrate of the hquid crystal cell, and a gate insulation covered by a gate insulation film. Gate electrod^ are 
film is deposited all over the inner surface of the sub- 35 formed on the gate insulation film. With the drain elec- 
strate including these electrodes. A semiconductor trodes formed on the inner substrate surface, the drain 
i-^rL?,?"™!^ .^^^ insulation film in a)nfront- electrodes and the matrix element dectrodes can be 

l^ctm?r.rl^^^^ simultaneously formed in intercomiected condition, 

electrodes are deposited on the semiconductor layer in There k nn fnr « r^u^^^tir.^ ..♦-^ j r • 

element dectrodes, it has been necessary to form holes ^^t?! f^'^^'^^ ^''T ^^^^^^ , 

through the gate insulation film for providing contact 45 /T ^^^""^ advantages 

between the electrodes. It has also b^n necessary to f J^ff!^^ invention will become more apparent 

deposit a protective film on the thin-fihn transistors in .^^ the following descnption when taken in conjunc- 

order to prevent the latter from being exposed to the . accompanymg drawings in which pre- 

atraosphere which would degrade the surface semicon- embodiments of the present invention are shown 

ductor layer before the thin-film transistors are sealed in 50 iUustrative example. 

the liquid crystal cell. Accordingly, the process of fabri- DESCRIPTIOM OF thp ni? a wiMr-c 

eating thin-fihn transistors in prior liquid crystal cdls i^^^CRIPTION OF THE DRAWINGS 

has necessitated an increased number ofsteps due to the I a, cross-sectional view of a conventional 

step of defining contact holes and the step of depositing dot-matrix liquid crystal display; 

a prptective fihn. With liquid crystal cells of a large 55 TY^' ^ ^ * diagram of a prior art transistor circuit for 

display area, many thin-film transistors have to be fabri- driving matrix elements in a dot-matrix liquid crystal 

cated in the hquid crystal cell. The larger the number of display; 

fabrication steps, the greater the difficulty in fabricating ^'G. 3 is a fragmentary plan view of a thin-film tran- 

thiii-film transistors of uniform characteristics, and it is sistor in a prior liquid crystal display; 

more difficult to render all of the produced thin-film 60 FIG- 4 is a cross-sectional view taken along fine 4 4 

transistors free from defects. of FIG, 3; 

SUMMARY OF THE INVENTION ^ perspective view of a dot-matrix liquid 

. . . . ^ ^ crystal display accordmg to the present mvention; 

It IS an object of the present invention to provide a FIG. 6 is a diagram showing an arrangement of color 
dot-matnx hquid crystd display having fewer terminals 65 display elements in the dot-matrix hquid crystal disnlav 

for external connection. illustrated in HG 5- / h / 

Another object of the present invention is to provide FIG. 7 is an enla'rged fragmentary plan view of a 

a dot-matnx liquid crystal display which can be fabri- portion of the arrangement of FIG 6 
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FIG. 8 is a cross-sectional view taken along line 8—8 93, . . . are mounted on a wiring base plate 18 on which 

of FIG. 7; the liquid crystal cell 11 is supported. The column lines 

FIG. 9 is a fragmentary perspective view, partly cut Si, 82, 83, . . . and the row lines 9i, 92, 93. . . . have 

away, of the dot-matrix liquid crystal display of the . respective terminals connected to corresponding termi- 

preseiit invention; 5 nals of the column driver circuit 26 and the row driver 

FIG. 10 is a block diagram of a driver circuit for the circuit. Where the number of matrix elements is 

liquid crystal display; lOOx 100=10,000, the number of terminals to be con- 

FIGS. IIA, IIB, 11 C, IID, HE, IIF and IIG are a nected to the driver circuits is as many as 

timing chart showing operations of the driver circuit of 100+ 100=200, and it is a tedious undertaking to con- 

FIG. 10; 10 nect the liquid crystal cell terminals to the driver cir- 

FIG. 12 is a fragmentary plan view of a thin-film cuits. With a color display liquid crystal cell, in particu- 

transistor in a liquid crystal display according to the lar, each matrix element is generally composed of three 

present invention; dots of red, green and blue which are independently 

FIG. 13 is a cross-sectional view taken along line drivable. In case the matrix elements employed are as 

13—13 of FIG. 2; 15 many as lOOX 100= 10,000, the total number of dots is 

FIGS. 14 through 19 are cross-sectional views show- lOOx 100x3=30,000, and the number of termmals re- 

ing a process for fabricating a thin-film transistor ac- quired reaches 100+ 3x100=400, Such an increased 

cording to the present invention; and number of terminals makes it more complex and time- 

FIG. 20 is a fragmentary cross-sectional view of a consuming to couple the color display liquid crystal cell 

liquid crystal display according to another embodiment 20 with the driver circuits. 

of the present invention. The prior thin-film transistor 6 has the construction 

DETAILED DESCRIPTION f '""P^^'J ^* electrodes 5 (with row 

lines 9) are formed on a substrate 12 by first depositmg 

Prior to describing embodiments of the present inven- a layer of metal such as chromium fully over the sub- 
tion, a conventional dot-matrix liquid crystal display 25 strate 12 and then etching the metal layer into a pre- 
will first be described with reference to FIGS. 1 and 2, scribed pattern, thereafter, matrix element electrodes 

As shown in FIG. 1, a liquid crystal cell 11 has a pair (drain electrodes) 2 in the form of transparent metal 
of transparent substrates 12, 13 in the form of plates of films are formed on the substrate 12 similarly by the 
glass positioned closely in confronting relationship, and deposition of a metal layer over the substrate 12 fol- 
a liquid crystal 14 interposed and sealed between the 30 lowed by the selective etching of the metal layer. Then, 
transparent substrates 12, 13. An array 15 of thin-film a gate msulation film 22 of silicon nitride is deposited on 
transistors is formed on an inner surface of one of the the entire surface of the substrate 12, and holes 23 are 
transparent substrates 12, and a transparent common defined in the gate insulation film 22 to provide contact 
electrode 16 is deposited substantially fully over an with the matrix element electrodes 2. A semiconductor 
inner surface of the other liransparent substrate 13. An 35 layer 24 of amorphous silicon is deposited over each of 
orientation treatment layer 17 is deposited on the array the gate electrodes 5 with the gate insulation film 22 
15 dfthin-film transistors, and another orientation treat- interposed therebetween. Subsequently, a drain elec- 
ment layer 21 is deposited on the common electrode 16 trode 25 and a source electrode 3 (with a column line 8 
with an insulation film 19 interposed therebetween. connected therewith) are formed of aluminum on each 

As shown in FIG, 2, the array IS of thin-film transis- 40 semiconductor layer 24 in partially overiapping relation 
tors is composed of column lines 81, 82, 83, . . . extending to opposite sides of the gate electrode 5 with the semi- 
substantially parallel to each other at transversely" conductor layer 24 and the gate insulation film 22 inter- 
equally spaced intervals, and row lines 9i, 92, 93, . . . posed therebetween. The drain electrode 25 is joined to 
extending substantially parallel to each other at trans- the matrix element electrode 2 through the contact hole 
versely equally spaced intervals in substantially perpen- 45 23. . 

dicular relationship to the column lines. Thin-film tran- The fabrication of the conventional thin-film transis- 
sistors 6 are provided respectively at positions where tor 6 has required a relatively large number of steps. It 
the column and row lines intersect. Each of the transis- has therefore been difficult to fabricate a multiplicity of 
tors 6 has a gate connected to the row line 9 and a thin-film transistors 6 of defect-free uniform character- 
source connected to the column line 8. Each of the 50 istics covering a wide display area. Since the semicon- 
rectangular frames or spaces defined by the row and ductor layer 24 has an exposed portion between the 
column lines is substantially filled with a matrix element drain and source electrodes 25, 3, the exposed portion 
electrode (drain electrode) 2 to which a drain of a corre- would contact moisture in the air thus degrading the 
sponding one of the transistors 6 is joined. characteristics of the transistor 6 after the transistor 

A voltage is applied between a selected one of the 55 array 15 has been fabricated on the substrate 12 and 
colunm lines 81, 82, 83, ... and a selected one of the row before the assembly is constructed as the liquid crystal 
lines 9i, 92, 93, . . . to energize the transistor 6 at the cell 11. To prevent this problem, it is necessary to form 
position where the selected column and row lines inter- a protective film on the semiconductor layer 24 after 
sect. The voltage is then impressed across the matrix the electrodes 25, 3 have been deposited, resulting in a 
element electrode 2 of the energized transistor 6 and the 60 process composed of more fabrication steps, 
common electrode 16 for thereby causing the matrix A color liquid crystal display incorporating the prin- 
element electrode 2 to display an appearance different ciples of a dot-matrix liquid crystal display according to 
from the rest of the liquid crystal cell 11. All of the the present invention will now be described. FIG. 5 
matrix elements in the liquid crystal cell 11 can selec- shows an appearance of such a color liquid crystal dis- 
ti vely be displayed m this manner. 65 play. The color liquid crystal display comprises a liquid 

With this prior art arrangement, a column driver crystal cell 12 composed of a pair of transparent sub- 
circuit 26 (FIG. 1) for the column lines 81, 82, 83. . . . and strates 12, 13 disposed in confronting relationship and a 
a row driver circuit (not shown) for the row lines 9i, 92, liquid crystal sealed between the substrates 12, 13. A 
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muliipliciiy of color display elements are formed on a twisted nematic liquid crystal. A polarizer 27 is at- 

surface of one of the substrates in the liquid crystal cell tached to an outer surface of the substrate 13. 

11. As shown in FIG. 6, column lines 8 1. 82, 83, are 

As shown in FIG. 6. such color display elements are formed on the substrate 12 along the columns of the 

grouped into three , kinds; red display elements IR, 5 color display elements, and the source electrode 3R, 3G 

green display elements IG, and blue display elements or 3B of an adjacent color display element is connected 

IB which are substantially uniformly distributed over to each column line. Row lines 9i, 92, 93, ... are formed 

the substrate. In the illustrated embodiment, the color on the substrate 12 along the rows of the color display 

display elements are elongate and parallel to each other, elements, and the gate electrode 5R, 5G or 5B of an 
and each group of three different color display matrix 10 adjacent color display element is connected to each row 
elements constitutes a substantially square region 10 

which serves as a matrix element. The matrix elements color display elements can selectively be driven 

10 are arranged in columns and rows. To drive these * driver circuit as shown in FIG. 10. The color 

matrix elements 10 through a simplified process, the display elements illustrated in FIG. 6 constitute a dis- 

red, green and blue display elements IR, IG, IB are play plane 28 as shown in FIG. 10. The source lines 8|, 

arrayed rectilineariy in longitudinal directions parallel ^2, 83, . . . and the gate lines 9i, 92, 93. . . . have terminals 
to each other; of the display plane 28. The terminals of the 

According to the present invention, each of the color source lines 81, 82, 83, ... are connected respectively to 

display elements IR, IG, IB is composed of a semicon- corresponding outputs of bit positions of a latch circuit 
ductor driver or a thin-film transistor and a color filter serving as a column driver, the bit positions of the 
on an output electrode thereof. More specifically, as circuit 26 bemg connected to outputs of bit posi- 

shown in FIGS. 7 and 8, one of the substrates 12 of the tions of a shift register 29. In operation, display data are 

liquid crystal cell 11 is in the form of a transparent glass ^"PPji?^. ^^^"^ ? dau termmal 31 as binary signals of "1" 
plate. Rectangular drain electrodes (matrix element ° mdicative of whether a row of color display 

electrodes) 2R, 2G. 2B which are about as large as the elements are displayed or not. Such display data are 
color display elements are formed on the substrate 12, lively fed senally into the shift register 29 in 

and narrower source electrodes 3R, 3G. 3B are depos- synchronism with a clock signal from a clock terminal 
ited on the substrate 12 closely adjacent to the drain J^lu' J^T''^ ^'^^^t^ ^"^^^ *^"^^f" 

electrodes 2R. 2G. 2B, respectively, in parallel relation- ""'^^'Y' . .uTfu '^'t'^^''"^" u 

ship. Films 4R, 4G, 4B of amorphous silicon are formed P^'""'^ ^''^""^ ^^P^"^^^ ^ ^^^ch 

as semiconductor layers between the drain and source T^?^J^^^^ , • 1 • , 

electrodes 2R. 3R, the drain and source electrodes 2G. r.^^]^TLTZ^^^^^^ the terminal 34 « ajso 

3G, and the drain and source electrodes 2B. 3B. respec^ fhen . o T o^^' '^^'''^ 

tively. A gate insulation film 22 of silicon nitride is 3. J ^timf Xn^h^ l^^^^^^ 

formed over the electrodes and the substrate. Gate 1 

CD ci- CD -1 -1 \l X • 1 the color display elements which are displayed or kept 

iTmi f ^ T 'r""" non-displayed are the elements which are pLitioned at 

TJ^Z^. l^^°T^ r ° ^7^Ph°"^ the junctions between the gate line 9, and those source 
^ 1^ r^H«?R ,r fr^ ^^l ' M 833. . . - to which output bits latched in the 

ZlZ^TiL^ ,^ r ' f , • ^ 26 are applied. While the gate line 9, is 

preferably be .n the forn, of transparent electrc^es of being selected for display, data for a nexT row line are 

maium oxiae or tin oxide. 1 he gate electrodes 5R, 5G, - fed into the shift register 29. and the stored data are then 
T^^c^r^^^ r^H« T ,r « .K ^ • , '^e latch circuit 26 on a next latch com- 

o^hnuSl Sr/p i^^^ I- V^' « sate line selector and driver circuit 32 
fitts ? r I ; ^' «• in fn' 'he gate line 92 for selective display of the color 
« / 22 and he gate electrodes SR. 5G. 5B jointly con- display elements connected to the gate line 92. A de- 
stitute thm-film transLstoi^ 6R 6G 6B. respectively, On uiiled construction of the driver circuit comprising 
he thin-fiim transistors 6R 6G. 6B, there are respec- elements such as the shift register 29. latch circuit 26, 
tiyely formed red. green and blue color filters 7R. 7G. 50 and gate line selector 32. is disclosed in the short com- 
7B over the dram electrod^ (output electrodes) 2R, munication titled "Progress Toward TFT-addressed 
2G. 2B, respectively, with the gate insulation film 22 Flat-Panel Color Television" by A. G. Fischer in 
inteniosed therebetween. The color filters 7R. 7G. 7B "Nonemi.ssive Electrooptic Displays" A. R. KmeU and 
are formed as by a screen or offset printing process. R K. von Willisen. 1976 Plenum Press New York, for 

As Illustrated in FIG. 9. an orientation treatment 5$ example, 
layer 17 as of polyvinyl alcohol is deposited on the As illustrated in FIG. IIA. drive pulses successively 

color display elements thus formed on the substrate 12.. out of pha.se are repeatedly applied to the gate lines 9i 

The substrate 13 which is disposed in confronting rela- through 9i2r,. When a thin-film tran.sistor 6| 1, for exam- 

tionship to the substrate 12 is made of tran.sparent glass, p|e. located where the source line 81 and the gate line 9) 

for example. A common transparent electrode 16 is m intersect is selected, a voltage V is applitid to the .source 

formed on an entire inner surface of the substrate 13. An line 8 1 as shown in FIG. 11 B at the time the gate line 9| 

insulation film 19 such as of silicon nitride is formed on is selected in a first cycle, and as a result the drain elec- 

the common transparent electrode 16. and another ori- trode of the thin-film transistor 6| 1 is charged up to the 

entation treatment layer 21 is deposited on the Insula- volUge V as shown at 6||D in FIG. IIC and held at 

tion film 19. A liquid crystal 14 is sealed between the 65 that voltage. At this time, a constant voltage V/2 is 

orientation treatment layers 17, 21. The liquid crystal applied to the .source line of any element which is not 

cell II of the foregoing construction constitutes a black selected then, e.g., the thin-film transistor 621 located 

guest-host liquid crystal cell or a . black-and-white where the source line 8| and the gate line 92 intersect 
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Therefore, the voltage at the drain of the thin-film tran- With the foregoing arrangement, the peripheral cir- 

sistor 621 is maintained at V/2 as shown at ^biD in FIG. cuits such as the selector and driver circuits for the 

IID. A voltage V/2 is applied to the common electrode semiconductor elements for driving the display ele- 

16 at all times as shown in FIG. HE. ments or matrix elements in the liquid crystal cell are 

Consequently, the voltage V/2 is applied as a voltage 5 mounted on the substrate 12 of the latter, so that the 

6i'iDCacrossthedrainof the selected transistor 6n and terminals for external connection may be reduced for 

the common electrode 16 as shown in FIG. ilF, and the example to J of those of prior constructions thereby 

voltage 621DC between the drain of the unselected simplifying connection to external terminals, 

transistor and the common electrode is zero as shown in Where the color filters on . the semiconductor driver 

FIG. IIG. When the gate line 9i is selected in a next 10 elements are fabricated by printing, they can be formed 

cycle, the selected source line 81 is kept at zero voltage, by a simple apparatus without requiring expensive appa- 

and the drain voltage 61 iD of the selected transistor 61 1 ratus for vapor deposition or ion doping, and also can be 

is also zero. The drain voltage 621D of the unselected fabricated in the atmosphere so as to cover a relatively 

transistor remains at V/2. During this cycle, therefore, ^^e area. The color filters can reproduce colors well, 

the voltage 611DC applied across the drain of the se- can be formed inexpensively, are sufficiently thin as 

lected transistor and the common electrode becomes compared with the liquid crystal 14, and are of a suffi- 

-V/2. The voltage between the drain of the selected ^lent color density. It is easy to attach color filters such 

transistor and the common electrode changes alter- ^ of red,.green and blue in an alternate pattern. No ink 

nately between V/2 and - V/2, making a portion of the ^'""^'^ from the color filters mto the hqmd 

liquid crystal cell facing the drain electrode of the se- ^0 crystal 14 because of the onentation treatment layer 17 

lected transistor transparent and appear through the ^l^'^'^^K^f^ "^^""^ '^^^^ '^^^ V ^-^ 

color of the color filter attached to that transistor. ""TlV : ^ ^ liquid crystal display is 

In the case where the total number of gate lines is 120 rendered stable m operation. Even with the color filters 

coveringthegatelines9ithrough9i20,thetotalnumber „ P^^.f"^* onentation treatment layer is capable of 

of source lines required is thr^ times as many as the easily control o™^^ of molecules of the liquid 

* i- \ ' t^n ij i_ * J- J *^ crystal 14. Instead of bemg prepared by way of screen 

gate lines, that is, 360. It would be a tedious and time- . ^. ■ . , l r Ji. rr . • . 

^ • * I / i J II f*v r * r*i: r -j prmtmg, the color filters Can be formed by offset prmt- 

consuming ask to lead all of these lines out of the hqmd P ^^^^ ^ ^^^^ requirement. Where the 

crystal d^ay and comiect them to external dnvers. ^^^^^^^^^^ ^ ^ ^^^^^^ ^^^^^^ 

According to the present invention, the peripheral 3^ lected matrix elements can be seen properly as selected 

circmts for dnvmg the semiconductor driver elements ^^en looked at obliquely. This allows no color filter to 

are formed on the surface of the substrate on which the ^e attached to the thin-film transistors, but permits 

thm-fihn transistors 6R 6G, 6B for dnvmg the liquid ^^y^^ ^5,^^^ ^ ^^^^^^^ ^^^^^^^^ 13 ^^^^^ 

crystal are fabncated. More specifically, the latch cir- 5) confronting relation to the drain dec- 

cult 26 serving as the column dnver and the shift regis- 35 t^odes. The substrates 12, 13 may be fonned of high 

ter 29 are fabricated as integrated circuits on the sub- polymers such as polyimide or fluorine plastics. WhUe 

stmte 12, and the gate Ime selector and dnver cu-cuit 32 ^he color display elements have been shown as being 

is fabncated as an integrated circmt on the substrate, as arranged in columns and rows for different colors, they 

Illustrated m FIG 5. The gate and source hnes extend- ^.^y be arranged in circles such that any three adjacent 

ing from the liquid crystal cell 11 are connected to these 40 display elements will contain red, green and blue dis- 

circuits 26, 29, 32 on the substrate 12, and other neces- piay elements. Instead of using the additive primaries, 

sary lines are wired on the substrate 12. When the latch subtractive primaries may be employed for color dis- 

circuit 26, the shift register 27 and the gate line selector pj^y 

and driver circuit 32 are to be installed as integrated xhe thin-film transistors 6R. 6G, 6B in FIGS. 5 and 6 

circuits on the substrate 12. they should preferably be 45 may be constructed as iUustrated in FIGS. 3 and 4. The 

fabncated as thin-film transistors as with the thin-fihn present invention is applicable not only to color liquid 

transistors constituting the color display elements. In crystal displays, but also to black-and-white liquid crys^ 

this manner, the peripheral circuits 26, 29, 32 can be tal displays. 

formed simultaneously with the thiii-film transistors 6R, Such a black-and-white liquid crystal display will be 

6G, 6B on the substrate 12 without having to increase 50 described with reference to FIGS. 12 and 13: Matrix 

the number of fabrication steps required. elements 2, drain electrodes 25, and source electrodes 

Smce the thin-film transistors are relatively slow in (source lines 8) 3 are formed on a substrate 12. Each of 

operation speed, the amorphous-sDicon fihns 4R, 4G, the square-shaped matrix elements 2 has a side which 

4B should be processed with electron-beam annealing partly doubles as one of the drain electrodes 25. These 

or laser annealing for a high mobiUty in order to in- 55 matrix elements 2. the drain electrodes 25, the source 

crease the operation speed of the circuits 26, 29, 32. electrodes 3, and the source lines 8 can simultaneously 

Such high-mobility processing can be performed in a be formed by selectively etching a transparent metal 

relatively short period of time as the thin-fihn transis- layer deposited on the entire surface of the substrate 12. 

tors constituting the color display elements need no The source electrodes 3 may be made of an opaque 

such high-mobility processing. It is not necessary to 60 metal. 

mount all of the circuits 26, 29, 32 on the substrate 12, A semiconductor layer 24 such as of amorphous sih- 

but only some of them, the ch-cuits 26, 29 or the circuit con is formed on the substrate 12 between the drain 

32 only, for example, may be installed on the substrate electrode 25 and the source electrode 3. The semicon- 

12. The circuits 26, 29, 32 as mounted on the substrate ductor layer 24 may be made of polycrystalline silicon, 

12 may be in the form of ordinary bipolar or monopolar 65 monocrystalline silicon, tellurium, cadmium sulfide, or 

integrated circuits. The amorphous-silicon thin-film cadmium selenide. A gate insulation fihn 22 is formed 

transistors may be replaced with polycrystalline thin- on the entire surface including the semiconductor layers 

film transistors. 24. The gate msulation film 22 may be formed of silicon 
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nitride or silicon dioxide. The gate insulation film 22 
may be formed only on the semiconductor layers 24. 
Gate electrodes (gate lines 9) 5 are formed on the gate 
insulation film 22. The gate electrodes are disposed in 
confronting relation to the drain electrodes 25 and the 
source electrodes 3 with the semiconductor layer 24 
and the gate insulation fihn 22 interposed therebetween. 
The gate electrodes 5 and the gate lines 9 may be made 
of aluminum or polycrystalline silicon, and may be in 
the form of a transparent. electricaUy conductive film. 

A process of fabricating the thin-film transistor which 
is applicable to the various embodiments of the inven- 
tion already discussed will be described by way of illus- 
trative example with reference to FIGS. 14 through 19. 
As shown in FIG, 14, an opaque layer of a metal such as 
Nichrome, chromium, or molybdenum is deposited as a 
layer havmg a thickness on the order of 1,000-2,000 A 
on a transparent insulated substrate 12 such as of glass 
by way of vapor deposition or sputtering, and matrix 
elements, drain electrodes 25 (2) and source electrodes 20 
3 are formed by photoetching. 

A semiconductor layer of amorphous silicon or poly- 
crystalline silicon is formed in a thickness of 3,000 A, 
for instance, on the transparent substrate 12 over the 
drain electrodes 25 and the source electrodes 3 through 25 
a plasma CVD (Chemical Vapor Deposition) process. 
The semiconductor layer is then subjected to photo- 
etching to form a semiconductor silicon layer 24 or 
channel region extending between and deposited on 
edges of the drain and source electrodes 25, 3, as illus- 
trated in FIG. 15. 

Then, a gate insulation film 22 is deposited on the 
transparent substrate 12 fully over the semiconductor 
silicon layer 24, as shown in FIG. 16. The gate insula- 
tion film 22 may be made of silicon nitride or silicon , 
dioxide and have a thickness in the range of from 2,000 
to 3.000 A. The gate insulation film 22 can be formed by 
plasma CVD. 

As shown in FIG. 17, a transparent electrode 5 ' of 
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the structure illustrated in FIGS. 3 and 4. Therefore, 
with the liquid crystal display of the present invention, 
the array of thin-film transistors can be fabricated with 
fewer steps than in prior fabrication techniques, so that 
5 matrix elements of uniform characteristics free from 
deficiencies can relatively easily be formed for a wide 
display area. 

. Since the semiconductor layer 24 is sandwiched be- 
tween the substrate 12 and the gate insulation film 22. 
'0 the semiconductor layer 24 is prevented from being 
exposed after the thin-film transistor array has been 
formed and before it is assembled into the liquid crystal 
cell 11. The semiconductor layer 24 therefore does not 
tend to become unstable in characteristics and there is 
no need for a protective layer covering the semiconduc- 
tor layer 24. This allows liquid crystal cells to be fabri- 
cated with a much higher yield. 

Where the liquid crystal display of the invention is 
employed as a transmission-type liquid crystal display, 
an opaque film such as of aluminum or black ink is 
formed on an outer surface of the substrate 12 in con- 
fronting relation to the semiconductor layer 24 between 
the drain and source electrodes 25, 3 to protect against 
any unwanted light-induced influences such as changes 
in the resistance of the semiconductor layer 24 where 
the latter is made of amorphous silicon. 

The gate electrode 5 can be positioned for self align- 
ment by way of exposure and development thereof with 
3Q the drain and source electrodes 25, 3 serving as masks. 
The drain and source electrodes 25, 3 and the gate elec- 
trode 5 can be held in a constant relative positional 
phase at all times. This can reduce the distance, that is, 
a so-called channel length L, between the drain and 
source electrodes 25, 3. Therefore, there can easily be 
fabricated a thin-film transistor having a short turn-off 
time and a large drain current. Such thin-film transistors 
can be formed as a matrix array covering a large area 
with a high degree of integration while reducing varia- 



35 



ITO (a mixture of InjOa and SnOi) or tin oxide is 40 ^^^^^ ^" characteristics of such transistors. 
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formed on the gate insulation film 22 by vapor deposi 
tion or sputtering, the transparent electrode 5' having a 
thickness of 1 ,000. A or less, for example in the range of 
from 400 to 500 A. Then, a negative-type photosensitive 
resin layer 37 is formed on the transparent electrode 5'. 
The photosensitive resin layer 37 is exposed to an ultra- 
violet beam 39 radiated through the transparent sub- 
strate 12. , 

Portions of the photosensitive resin layer 37 which 
are exposed to the ultraviolet beam are hardened. 
Through development, a pattern 31p of the photosensi- 
tive resin layer is shaped by the drain and source elec- 
trodes 25, 3 which have served as masks. 

With the photosensitive layer pattern 37p used as a 
mask, the transparent electrode 5' is etched into a trans- 55 
parent gate electrode 5 and the mask pattern 37/> is 
removed as shown in FIG. 19. 

Accordingly, the matrix element electrode 2 and the 
drain electrode 25 are simultaneously formed and are 
not interconnected through any contact holes. Since no «) 
contact holes are required there is no requirement for a 
step of forming contact holes such as the holes 23 in the 
prior arrangement as shown in FIG. 4. Where the 
source electrode 5 is to be formed as a transparent elec- 
trode, it can be formed at the same time that the matrix 65 
element electrode 2 is formed, with the result that the 
number of fabrication steps can be reduced as compared 
with the conventional fabrication steps required to form 



In FIG. 8, the color filters 7R, 7G, 7B are formed on 
the gate insulation film 22 in confronting relation to the 
matrix element electrodes 2R, 2G, 2B with the gate 
insulation film 22 interposed therebetween. However, 
the color filters 7R, 7G, 7B may be formed on the com- 
mon electrode 19 on the substrate 13 as shown in FIG. 
20. (Like or corresponding parts in FIG. 20 are denoted 
by like or corresponding reference characters in FIG. 
8.) The color filters 7R, 7G, 78 are positioned in over- 
lapping relation to the matrix element electrodes 2R, 
2G, 28, respectively, in a direction normal to the sub- 
strates 12. 13. The color filters 7R, 7G, 78 can easily be 
formed as by printing on the substrate 13 on which no 
thin-film transistors 6R, 6G, 68 are fabricated. 

Although certain preferred embodiments have been 
shown and described, it should be understood that 
many changes and modifications may be made therein 
without departing from the scope of the appended 
claims. 

What is claimed i.s: 

1. A dot-matrix liquid crystal display comprising; 
a first transparent substrate fabricated of an insulating 
material: 

a second transparent substrate fabricated of an insu- 
lating material disposed closely adjacent and paral- 
lel to said first substrate and having marginal edges 
sealed to said first substrate to form a cell: 

a liquid crystal sealed in said cell: 
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a common electrode deposited substantially, entirely 
on an inner surface of said second substrate to de- 
fme a display, area of said liquid crystal display; 

a plurality of transparent matrix element electrodes 
formed in rows and columns directly on said first S 
substrate to define display elements of a dot-matrix 
within said display area; 

a plurality of transparent row electrode lines formed 
in rows directly on said first substrate to extend 
along the respective rows of said matrix element 10 
electrodes; 

element drive thin-film transistors arranged in rows 
and columns on said first substrate within said dis- 
play area, each of said thin-film transistors having a 
transparent source electrode formed directly on 15 
said first substrate integrally with a corresponding 
one of said row electrode lines, a transparent drain 
electrode formed directly on said first substrate 
integrally with a corresponding one of said matrix 
element electrodes, said source and drain elec- 20 
trodes being closely adjacent to one another, an 
amorphous silicon semiconductor layer formed on 
said first substrate to extend between and overlap 
said closely adjacent source and drain electrodes, a 
gate insulation film formed to cover said semicon- 25 
ductor layer, and a gate electrode formed on said 
gate insulation film in spaced facing relation to said 
semiconductor layer, said gate insulation film sub- 
stantially entirely covering said display area; and 
column electrode lines formed integrally with the. 30 
corresponding columns of said gate electrodes on 
said gate insulation film in a direction perpendicu- 

. lar to said row electrode lines. 

2. The dot-matrix liquid crystal display of claim 1 
wherein said first substrate is larger than said second 35 
substrate to define a marginal substrate portion, driver 
circuit means on said marginal substrate portion, said 
driver circuit means comprising a semiconductor inte- 
grated circuit for selectively activating said element 
drive thin-film transistors, said driver circuit means 40 
being connected to respective ones of said element 
drive thin-film transistors via connection lines formed* 
integrally with said row and column electrode lines. 

3. The dot-matrix liquid crystal display of claim 2 
wherein said driver circuit means comprises a column 45 
drive integrated circuit and a row drive integrated cir- 
cuit for activating the said element drive thin-film tran- 
sistors which are located at the points where selected 
columns and rows cross one another, 

4. The dot-matrix liquid crystal display of claim 3 50 
wherein said row and column drive integrated circuits 
comprise thin-film transistors having the same structure 

as said eletnent drive thin-film transistors and being 
formed simultaneously therewith. 

5. The dot-matrix liquid crystal display of claim 1 55 
wherein each of said matrix element electrodes is com- 
posed of a set of separate color element electrodes, said 
element drive thin-film transistors being provided for 
each of said color element electrodes and being con- 
nected thereto, and color filters of different colors 60 
formed on said gate insulation film in facing relation to 
said, color element electrodes of each set. 

6. The dot-matrix liquid crystal display of claim 1 
wherein each of said matrix element electrodes is com- 
posed of a set of separate color element electrodes, said 65 
element drive thin-film transistors being provided for 
each of said color element electrodes and being con- 
nected thereto, and color filters of different colors 
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formed on said common electrode in facing relation to 
said color element electrodes of each set 

7. The dot-matrix crystal display of claim S or 6 
wherein said color filters are formed by printing. 

8. A dot-matrix liquid crystal display comprising: . 
a first transparent substrate fabricated of an insulating 

material; 

a second transparent substrate fabricated of an insu- 
lating material disposed closely adjacent and paral- 
lel to said first substrate and having marginal edges 
sealed to said first substrate to form a cell; 

a liquid crystal sealed between said first and second 
substrates; 

a common electrode deposited substantially entirely 
on an inner surface of said second substrate to de- 
fine a display area of said liquid crystal display; 

a plurality of transparent matrix element electrodes 
formed in rows and columns directly on said first 
substrate to define display elements within said 
display area; 

a plurality of row electrode lines formed on said first 
substrate to extend along the respective rows of 
said matrix element electrodes; 

and element drive thin-film transistors arranged in 
rows and columns, each of said thin film transistors 
having a metallic source electrode formed directly 
on said first substrate and connected to a corre- 
sponding one of said row electrode lines, a metallic 
drain electrode formed directly on said first sub- 
strate closely adjacent to said source electrode and 
connected to a corresponding one of said matrix 
element electrodes, a semiconductor layer formed 
on said first substrate to extend between and over- 
lap corresponding ones of said closely adjacent 
metallic source and drain electrodes, a gate insula- 
tion film formed to cover a corresponding portion 
of said semiconductor layer, and a transparent gate 
electrode formed on a corresponding portion of 
said gate insulation film and connected to column 
electrode lines which extend in a direction perpen- 
dicular to said row electrode lines, said gate insula- 
tion films being formed as a continuous film extend- 
ing over substantially all of said display area to 
cover said semiconductor layers and said matrix 
element electrodes, and each of said transparent 
gate electrodes having a width substantially equal 
to the space between the edges of corresponding 
ones of said closely adjacent source and drain elec- 
trodes and being positioned above and in overlying 
relation to said space in alignment therewith. 

9. The dot-matrix liquid crystal display of claim 8 
wherein each of said matrix element electrodes is com- 
posed of a set of separate color element electrodes, said 
element drive thin-film transistors being provided for 
each of said color element electrodes and connected 
thereto, and color filters of different colors formed on 
said gate insulation film in facing relation to said color 
element electrodes of each set. 

10. The dot-matrix liquid crystal display of claim 8 
wherein each of said matrix element electrodes is com- 
posed of a set of separate color element electrodes, said 
element drive thin-film transistors being provided for 
each of said color element electrodes and connected 
thereto, and color filters of different colors formed on 
said common electrode in facing relation to said color 
element electrodes of each set. 

11. The dot-matrix liquid crystal display of claim 8, 9 
or 10, wherein integrated driver circuit means is formed 
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on a margina] portion of said fiiit substrate outside of 
the region in which said liquid , crystal is sealed, said 
mtegrated driver circuit means comprising thin-film 
transistors having a structure similar to that of said 
element drive thin-fllm transistors and being formed 
simultaneously therewith, said integrated driver circuit 
means being operative to selectively activate said ele- 
ment drive thin-film, transistors and being connected to 
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respective ones of said element drive thin-film transis- 
tors via connection lines formed integrally with said 
row and column electrode lines. 

12. The dot-matrix liquid crystal display of claim 8, 9 
or 10, wherein said column electrode lines connected to 
respective said gate electrodes are formed on said gate 
insulation fdm. 
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